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© Thin film transistor device for driving ctrcurt and matrix circuit 



@ in the case of an lJ3D-structure thin film transis- 
tor, an on-cun-ent becomes large as impurity con- 
centration of tow level impurity source and drain 
regions is increased. Then, when the impurity con- 
centration is increased to a first impurity concentra- 
tion, the on-current reaches to a substantially maxi- 
mum point. On the other hand, a cut-off current lotr 
becomes substantially minimum when the impurity 
concentration is decreased 1o a second impurity 
concentration. The cut-off current is gradually in- 



creased even if the impurity concentration becomes 
higher or lower than the second impurity concentra- 
tion. Therefore, impurity concentration of low level 
impurity source and drain regions (22b) of a thin film 
transistor (14) for a peripheral circuit is set to a first 
impurity concentration, and that of low concentration 
impurity source and drain regions (21 b) of a thin film 
transistor (12) for a matrix circuit is set to a second 
impurity concentration. 
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The present invention relates to a thin film 
transistor device having a matrix circuit for applying 
an electric field to a liquid crysta/ display device 
and a driving circuit for driving the matrix circuit. 

For example, there is used an active matrix 
type liquid crystal display comprising a matrix cir- 
cuit for applying an electric field to a liquid crystal 
display device and a peripheral driving circuit for 
driving the matrix circuit, each circuit being formed 
of field effect type thin film transistors. 

Fig. 4 shows one example of the circuit struc- 
ture of such a conventional active matrix type liquid 
crystaJ display. 

This active matrix type liquid crystal display 
comprises a matrix circuit 1 , one peripheral driving 
circuit 2 for supplying a scanning signal to an 
address bus of the matrix circuit 1. and other 
peripheral driving circuit 3 for supplying a display 
signal to a data bus of the matrix circuit 1. In the 
matrix circuit 1. there are formed a large number of 
scanning electrodes 4 arranged in row and a large 
number of display electrodes 5 arranged in col- 
umn, and a Ihtn film transistor 7 for the matrix 
circuit is formed for each pixel 6 {liquid crystal) 
corresponding to each cross point of the scanning 
electrodes 4 and the display electrodes 5. A gate 
electrode of each thin film transistor 7 Is connected 
to each scanning electrode 4. and a source elec- 
trode is connected to the display electrode 5. A 
drain electrode o1 each thin film transistor 7 is 
connected to a pixel capacitive element 8 having a 
transparent electrode connected to each pixel In 
parallel. One peripheral circuit 2 comprises a thin 
film transistor (not shown) for one peripheral circuit, 
connected to one end of the scanning electrode 4. 
Other peripheral circuit 3 comprises a thin film 
transistor for other peripheral circuit, connected to 
one end of the scanning electrode 5. Then, if the 
thin film transistor 7 for matrix circuit is turned on, 
display data is written to the capacitive element 8 
in the form of an electric charge. If the thin film 
transistor 7 for matrix circuit is turned off, the pixel 
e is driven in a predetermined time by the written 
electric charge. 

According to such a conventional thin film tran- 
sistor device, the thin film transistor 7 forming the 
matrix circuit 1 and the thin film transistor forming 
the peripheral driving circuit were formed in the 
same structure. Therefore, characteristics of the 
transistor such as a switching speed of the thin film 
transistor, a cut-off speed or the like were the same 
in both transistors. 

In recent years, display with extremely high 
precision has been required in the active matrix 
type liquid crystal display, and it has been needed 
that the number of thin film transistors, which form 
the matrix circuit 1 and the peripheral driving cir- 
cuits 2 and 3, is increased. 



However, as the number oi the thin film transis- 
tors is increased, the consumption current to be 
consumed in the entire device is increased. In 
order to this problem, the cut-off current of each 
5 thin tilm transistor 7 must be controlled to be small. 
On the other hand, the switching speed of each 
thin film transistor must be increased in accor- 
dance with increase in the number of the thin film 
transistors. However, as is well-known, the on-cur- 
10 rent must be increased in order to increase the 
switching speed, and the cut-off current is also 
increased by the increase in the on-current. For 
this reason, the above two requirements cannot be 
satisfied. 

An object of the present invention is to provide 
a thin film transistor device wherein the number of 
thin film transistors, which forms a matrix circuit * 
and peripheral driving circuits, can be considerably 
increased, an on-current can be increased, and a 
20 cut-off current can be reduced. 

The thin film transistor device of the present 
invention comprises a first thin film transistor in- 
cluding a semiconductor layer having a channel 
region, source and drain regions, coupled to ends 
25 of the channel region and having low level impurity 
region and high level impurity region, a gate in- 
sulating film, a gate electrode, and source and 
drain electrodes; and a second thin film transistor 
having a semiconductor layer including a channel 
30 region, source and drain regions coupled to ends 
of the channel region and having a low level Impu- 
rity region and a high level impurity regions, a gate 
insulating film, a gate electrode, and source and 
drain electrodes, impurities existing in the first thin 
35 film transistor and those in the second thin film 
transistor being of the sanne conductive type, and 
concentration of the low impurity level regions of 
the first ihfn film transistor set to be higher than 

that of the low level impurity regions of the second 
40 thin film transistor. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Ah Rg. 1 is an enlarged cross sectional view show- 
ing one embodiment of a Ihin film transistor 
device according to the present Invention; 
fHQ. 2 is a flow chart showing the processes of 
manufacturing the thin film transistor device of 

50 Fig. 1; 

Rg. 3 is a view showing the relationship be- 
tween concentration of low level impurity re- 
gions and a drain current according to the thin 
nim transistor structured as shown in Rg. 1; and 

55 Rg. 4 is a plane view showing a conventional 
active matrix type crystal liquid display. 

Fig. 1 Shows a thin fifm transistor device ac- 
cording to the present invention. 
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In the thin film transistor device, a thin film 
transistor 12 for a matrix circuit, which is fonmed of 
an NMOS thin film transistor, and a thin film tran- 
sistor 13 for a peripheraJ circuit, which is formed of 
a CMOS thin film transistor, are formed on each 5 
predetermined portion of the upper surface of a 
transparent substrate 11 formed of glass or the 
like. The thin film transistor 13 for a peripheral 
circuil, which is formed of the CMOS thin film 
transistor, comprises an NMOS thin film transistor 10 
14 and a PMOS thin film transistor 15. 

The thin film transistors 12. 14. and 15 com- 
prise semiconductor thin films which are patterned 
on each predetermined portion of the upper sur- 
face of the transparent substrate 1 1 . The thin film 15 
transistors 12, 14. and 15 are LDD(Lightly Doped 
Drain) structured. In details, the central portions of 
the semiconductor thin films 21, 22, 23 of the thin 
film transistors 12. 14. 15 are used as channel 
regions 21a, 22a. and 23a. respectively, and both 20 
sides of the channel regions 21 a, 22a. 23a are 
used as source and drain regions 21b, 22b. 23b, 
which are formed of low impurity concentration 
regions. Moreover, both sides of the source and 
drain regions 21b. 22b, 23b are used as source 2S 
and drain regions 21c, 22c, 23c. which are formed 
of high level impurity regions. A gate insuladng film 
24 is formed on the entire surface of the semicon- 
ductor thin films 21. 22, 23. and the transparent 
substrate 1 1 . Gate electrodes 25 to 27 are tormed 30 
on the respective portions of the upper surface of 
the gate insulating film 24 each corresponding to 
the channel regions 21a, 22a. 23a. A transparent 
capacitive electrode 28, which is formed of ITO 
(Indium Tin Oxide), is formed on a predetermined as 
portion of the upper surface of the gate insulating 
film 24. A passivating insulating films 29 is formed 
on the entire surface of the gate insulating films 24. 
the gale electrodes 25 to 27, and the transparenl 
capacitive electrode 28. Contact holes 30 are aq 
formed at the portions of the passivating film 29 
and the gate insulating film 24 which correspond to 
the high level impurity source and drain regions 
2ic. 22c and 23o. Source and drain electrodes 31 
are formed in the contact holes 30 and on pre- 45 
determined portions of the upper surface of the 
passivating film 29. In this case, one of source and 
drain electrodes 31 of the thin film transistor 12 for 
the matrix circuil is connected to one end portion 
of the transparent capacitive electrode 28. More- eo 
over, one of source and drain regions 22c of 
NMOS thin film transistor 14 and one of source and 
drain regions 23c of PMOS thin film transistor 15 
are electrically connected to each other through a 
drain electrode 32 such that one CMOS thin film 55 
transistor is formed by a pair of thin film transistors 
14 and 15. 
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For the above structured thin film transistor 
device, note that impurity concentration of the low 
level impurity source and drain regions 22b of the 
NMOS transistor 14. which forms the thin film 
transistor 13 for the peripheral circuit, is higher 
than of the low level impurity source and drain 
regions 21b of the thin Rim transistor 12 for the 
matrix circuit, 

A method for manufacturing the thin film tran- 
sistor device will be explained with reference to 
Rg. 2 showing the processes of manufacturing the 
thin film transistor device. 

Rrst, in a semiconductor thin film deposition 
process 41, an amorphous silicon film for forming 
semiconductor thin films 21 to 23 is deposited to 
have a thickness of about SOOA on the entire 
surface of the b-ansparent substrate 11 by plasma 
CVD. In an ion implantation process 42, an oxide 
film serving as a protection film for ion-implantation 
is deposited to have a thickness of about 1400A on 
the entire upper surface of the amorphous silicon 
film by a sputtering device. Thereafter, photoresist 
is used as a mask, and impurities are implanted 
five times in the following manner by an ion-im- 
plantation device. 

At the first ion implantation, a phosphorus ion 
is implanted in the portions of the amorphous sili- 
con film where the low level impurity source and 
drain regions 21 b of the thin film transistor 12 for 
the matrix circuit are to be formed, under the 
conditions of accerlation energy of 130 keV and a 
dose of 1 X 10^3 atom/cm^. 

At the second ion implantation, a phosphorus 
ion is Implanted in the portions of the amorphous 
silicon film where the low level impurity source and 
drain regions 22b of the NMOS thin film transistor 
14 as an element of the thin film transistor 13 for 
the peripheral circuit are to be formed, under the 
conditions of accerlation energy of 130 keV and a 
dose of 5 X 10^^ atom/cm'. 

At the third ion implantation, a boron ion Is 
implanted in the portions of the amorphous silicon 
film where the low level impurity source and drain 
regions 23b of the PMOS thin film transistor 15 as 
an element of the thin film transistor 13 for the 
peripheral circuit are to be formed, under the con- 
ditions of accerlation energy of 40 keV and a dose 
of 5 X 10'3 atom/cm=. 

At the fourth ion implantation, a phosphorus ion 
is implanted in the portions of the amorphous sili- 
con film where the high level impurity source and 
.drain regions 22c of the NMOS thin film transistor 
14 for the peripheral circuit are to be formed, under 
the conditions of accerlation energy of 130 keV and 
a dose of 3 x 10'= atom/cm^. 

At the fifth ion implantation, a boron Ion is 
implanted in the portions of Ihe amorphous silicon 
film where the high level impurity source and drain 
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regions 23c of the PMOS thin film transistor 1 5 for 
the peripheral circuit are to be formed, under the 
conditions of accerlation energy of 40 keV and a 
dose of 1 X 1 0"'5 atom/cm^. 

Thereafter, an oxide film serving as a protec- s 
tion film for ion implantation is etched. 

tn an annealing process 43, an XeCx eximer 
laser is irradiated on the amorphous silicon film. 
Thereby, the amorphous silicon film is crystallized 
into a polysilicon film, and the implanted impurities lo 
are activated. In an isolation process 44, an unnec- 
essary portion of the polysilicon film is etched, so 
that each of semiconductor thin films 21, 22, 23 is 
shaped in an island on each predetermined portion 
of the upper surface of the transparent substrate is 
11. As already explained, since impurities are im- 
planted in the silicon films and activated, the cen- 
tral portions of the semiconductor thin films 21, 22, 
23 which remains the intrinsic semfconductor, are 
used as channel regions 21a. 22a. and 23a, re- 20 
spectively. Both sides of the channel regions 21 a. 
22a, 23a are used as low Impurity diffusion regions. 
Moreover the outer side of each of low impurity 
diffusion regions are used as high impurity diffu- 
sion regions. ^5 

In a gate insulating film deposition process 45, 
the gate insulating film 24. which is formed of 
silicon oxide or silicon nitride, is deposited to have 
a thickness of about 1000 to 1500A on the entire 
surfaces of the substrate 1 1 and the semiconductor 30 
films 21 to 23 by sputtering or plasma CVD. In a 
gate electrode deposition process 46. gate elec- 
trodes 25 to 27. which are formed of aluminum 
chrome or the like, are formed by patterning to 
have a thickness of about ICOOA on the upper 35 
surface of the gate insulating film 24, each cor- 
responding to the channel regions 21a, 22a. 23a. 
by a sputtering device. In a transparent electrode 
deposition process 47, the transparent capacitive 
electrode 28. which is formed of ITO. is formed 4o 
and patterned on a predetermined portion of the 
upper surface of the gate insulating film 24 to have 
a thickness of about SOOA. In a passivating film 
deposition process 48, the layer insulating film 29. 
which is formed of silicon nitride, is deposited to 45 
have a thickness of about 3000A on the entire 
surfaces of the gate insulating film 24 and the gate 
electrodes 25 to 27, and the transparent electrode 
28, by plasma CVD. In source and drain electrodes 
deposition process 49. the contact holes 30 are so 
formed at the portions of the passivating film 29 
and the gate insulating film 24 which correspond to 
high level impurity source and drain regions 21c. 
22c, 23c, and one end the transparent electrode 
28. Thereafter, the source and drain electrodes 31 , 55 
which are formed of aluminum, are formed to have 
a thickness of aboiit 5000A, in the contact holes 30 
and on predetermined portions of the upper sur- 



face of the layer insulating film 29 by the sputtering 
device. In this way, the matrix circuit driving device 
is manufactured. 

Rg. 3 is a view showing the relationship be- 
tween impurity concentration of the source and 
drain regions existing low level impurities according 
to the thin film transistors 12 and 14 and a drain 
current. As is obvious from the figure, an on- 
current Ion becomes larger as impurity concentra- 
tion is higher, and at the impurity concentration Y, 
the on-current !«„ reaches to a substantially maxi- 
mum point. On the other hand, the cut-off cunrent 
loft becomes substantially minimum at the impurity 
concentration X (X < Y), and gradually increased 
even if the impurity concentration becomes larger 
or smaller than impurity concentration X. 

According to the thin film transistor device as 
described above at the first ion implantation, the 
phosphorus ion is implanted in the low level impu- 
rity source and drain regions 21b of the thin film 
transistor 12 under the conditions of accerlation 
energy of 130 keV and a dose of 1 x lO'^ 
atom/cm*. Then, at the second ion-implantation, the 
phosphorus ion is implanted in the low level impu- 
rity source and drain regions 22b of the NMOS thin 
film transistor 14 under the conditions of accer- 
lation energy of 130 keV and a dose of 5 x 10^^ 
atom/cm^. Therefore, the impurity concentration of 
the source and drain regions 22b of the thin film 
transistor 14 is higher than that of the source and 
drain regions 21b of the the thin film transistor 12. 
The impurity concentration of the source and drain 
regions 22b of the thin film transistor 14 is substan- 
tially maximum point Y of the on-current l^^. The 
Impurity concentration of the source and drain re- 
gions 21b of the thin film transistor 12 is substan- 
tially minimum point X of the cut-off current U. 
Therefore, in the NMOS thin film transistor 14, 
constituting the thin film transistor 13 for the pe- 
ripheral circuit, the on-current is set to maximum, 
that is, the switching speed is set to maximum. 
Also, in the thin film transistor 12 for the matrix 
circuit, the cut-off cunrent is set to minimum. 

According to the above embodiment, the semi- 
conductor thin films 21. 22, 23 were directly 
formed on the upper surface of the transparent 
substrate 11. However, the present invention is not 
limited to the above embodiment. More specifi- 
cally, a ground layer, which is formed of silicon 
oxide or silicon nitride, is formed on the upper 
surface of the transparent substrate 11, and the 
semiconductor thin films 21. 22, 23 may be formed 
on the upper surface of the ground layer. The 
peripheral circuit 13 may be formed on a substrate 
different from the substrate on which the matrix 
circuit 12 is formed. The peripheral circuit 13 may 

be formed of either the NMOS thin film transistor 
14 or the PMOS thin film transistors. In the above 
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embodiment, the PMOS thin film transistor was 
formed in only the peripheral circuit, and not 
formed in the matrix circuit. Due to this, the impu- 
rity concentration was determined so as to saUsfy 
the performance which is required in the peripheral 5 
circuit. In the case where the PMOS thin film is 
formed in the matrix circuit, the impurity concentra- 
tion of the low level impurity source and drain 
regions for the peripheral circuit may be higher 
than that of the matrix circuit. The above embodi- iq 
ment explained the case that the tow level impurity 
regions are formed in the source regions. However, 
the low level impurity regions may be not formed 
in the source region. Moreover, the present inven- 
tion can be widely applied to a thin film transistor 75 
memory, an image sensor or the like other than the 
liquid crystal display. 

According lo Ihe present invention, the impurity 
concentration of the low level impurity region of the 
thin film transistor formed in the peripheral circuit is 20 
higher than that of the low level impurity region of 
the thin film transistor formed in the matrix circuit. 
Therefore, the on-current can be sufficiently en- 
hanced and the cut-off current can be sufficiently 
lowered, (n addition, the switching speed can be zs 
higher, and a display quality can be improved. 

Claims 

1. A thin film transistor device comprising: 30 
a first thin film transistor (14) including a 
semiconductor layer (22) having a channel re- 
gion (22a). and source and drain regions coup- 
led to ends of the channel region (22a). and 
having a low level impurity region (22b) and a 35 
high level impurity region (22c). a gate insulat- 
ing film (24). a gate electrode (26), and source 
and drain electrodes (31. 32); and 

a second thin Aim transistor (12) including 
a semiconductor layer (21) having a channel 40 
region (21a) and, source and drain regions 
coupled to ends of the channel region {21a). 
and having a low level impurity region (21b) 
and a high level impurity region (21 c), a gate 
insulating film (24) a gate electrode (25), and as 
source and drain electrodes (31, 32). 
characterized in that 

the impurities existing in said first thin film 
transistor (14) and those in said second thin 
film transistor (12) have the same conductive 50 
type, and the concentration of said low level 
impurity region (22b) of said first thin film 
transistor (14) is set to be higher than that of 
said low level impurity region (21b) of said 
second thin film transistor (1 2). 55 

2. The thin film transistor device according to 
claim 1. characterized in that said first and 



second thin film transistors (14, 12) are N-fwlOS 
field effect type thin film transistors. 

3. The thin film transistor device according to 
claim 1 or 2, characterized in that the impurity 
concentration of said low level impurity regions 
(22b) of said first thin fiim transistor (14) is 
several times as high as that of said low level 
impurity regions (21b) of said second thin film 
transistor (12). 

4. The thin film transistor device according to 
claim 1 , 2 or 3. characterized in that the impu- 
rity concentration of said low level Impurity 
regions (22b) of said first thin film transistor 
(14) is selected to correspond to substantially 
a maximum point of an on-current 

5. The thin film transistor device according to any 
one of preceding claims, characterized in that 
the impurity concentration of said low level 
impurity regions (21 b) of said second first thin 
film transistor (12) is selected to correspond to 
substantially a minimum point of a cul-off cur- 
rent. 

6. The thin film transistor device according to 
claim 1, characterized in that including an in- 
sulating substi*ate (11) on which a plurality of 
second thin film transistors (12) are formed in 
matrix to constitute a matrix circuit section (1). 

7. The thin film ti'ansistor device according to 
clam 6. characterized in that a plurality of said 
first thin film transistors (12. 14) are formed on 
the outer periphery of said matrix circuit sec- 
lion (1 ) to constitute driving circuit sections (2. 
3) for driving said second thin film transistors. 

8. A thin film transistor device comprising: 

a transparent substrate (11); 

a matrix circuit section (1) including sec- 
ond field effect type thin film transistors (12) 
formed on said transparent substrate (11) in 
matrix, each comprising a semiconductor layer 
(21) having a drain region having a low level 
innpurity region (21b) and a high level impurity 
region (21c); and 

a driving circuit section (2. 3) including a 
plurality of first field effect type thin film tran- 
sistors (14) formed on said ti-ansparent sub- 
strate (11) in matrix, on the outer periphery of 
said matrix circuit section, each having the 
same channel type as each of said second thin 
film transistors (12) and comprising a semicon- 
ductor layer (22) including a drain region hav- 
ing a low level impurity region (22b) and a high 

level impurity region (22c), 
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characterized in thai 

the impurity concentration of said low level 
impurity region (22b) of each of said first ttiin 
film transistors (14) is higher than that of low 
level impurity region (21 b) of each of said s 
second thin film transistors (12). 

9. The thin film transistor device according to 
claim 8. characterized by comprising pixel 
electrodes (23) for applying electrical field to a 70 
liquid crystal, to each of which each ol said 
second thin film transistors is connected. 

10. The thin film transistor device according to 
claim 9, characterized in that said first and 75 
second thin film transistors (12. 14) are NMOS 

field effect type thin film transistors. 

11. The thin film transistor device according to 
clainn 9, characterized in that the impurity con- 20 
centration of said low level impurity region 
(22b) of each of said first thin film transistors 

(14) is several times as large as that of each of 
said low level impurity regions (21b) of said 
second thin fiim transistors (1 2). 25 

12. The thin film transistor device according to 
claim 9, characterized in that the impurity con- 
centration of said low level impurity region 
(22b) of each of said first thin film transistors so 
(14) is selected to correspond to substantiaJly 

a maximum point of an on-current. 

13. The thin film transistor device according to 
claim 9, characterized in that the impurity con- 35 
centration of said low level impurity region 
{22b) of each of said second thin film transis- 
tors (12) is selected io correspond to substan- 
tially a minimum point of a cut-off current. 
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